The most commonly used method for testing the antibiotic susceptibility of aerobic and facultative bacteria is the disk diffusion method. However, some anaerobic bacteria do not grow well enough in anaerobic jars for performance of disk diffusion tests. A modification of the broth-disk method of Schneierson allowed us to determine antibiotic susceptibility in a completely anaerobic environment. Commercial antibiotic disks were added anaerobically to tubes of prereduced brain heart infusion broth to achieve a concentration of each antibiotic approximating that attainable in blood. The tubes were then inoculated and incubated for 18 h. Resistance or susceptibility to each antibiotic was determined according to the amount of growth in each tube as compared with a control culture without the antibiotic. There was good correlation between results obtained by this broth-disk method and minimal inhibitory concentrations.
Anaerobic bacteria have been implicated as the causative agents in several types of tissue infections, and clinical laboratories are often requested to process samples for anaerobes. Disk diffusion methods for testing the antibiotic susceptibility of anaerobic bacteria have been described (1, 8) ; however, until recently, no standardized methods based on interpretative zone diameters were available. Two disk diffusion methods have been standardized for several antibiotics by the use of regression plots of ininimal inhibitory concentrations (MIC) versus zone diameters (10, 11) . However, these tests are limited to use with common, rapidly growing anaerobic isolates which are not extremely oxygen-sensitive. During a small-scale clinical trial of the disk diffusion method of Wilkins et al. (11) , we recognized that a simple method was needed which could be used to determine the susceptibility of both slow-growing and very oxygen-sensitive organisms that could not be tested by this disk diffusion technique.
The principles of Schneierson's method (9) for use with facultative bacteria have recently received increased usage. In this method, which we have termed "broth-disk," a concentration of an antibiotic approximately equal to that achievable in blood is put into a tube of broth medium with commercial filter-paper disks as the carrier of the antibiotic. Growth of the organism at that concentration is considered to constitute resistance to clinically useful levels of the antibiotic. This method simply designates whether the MIC is above or below concentrations normally attained in the blood. Abramson and Smibert (Brit. J. Vener. Dis., in press) recently reported the use of a modified version of the broth-disk method for assaying the antibiotic susceptibility of spirochetes, which cannot be tested by any disk diffusion method. The need for automation in antibiotic susceptibility testing also has resulted in revival of this idea. Isenberg and colleagues have described, in a series of publications (5) (6) (7) , an automated machine for testing the antibiotic susceptibility of facultative bacteria. This instrument uses antibiotic disks to carry a single concentration of an antibiotic into a vial of broth which is then inoculated with a standard inoculum. The results obtained from this instrument have reportedly been as accurate as results achieved by the standard Kirby-Bauer (6) disk diffusion method. These authors have shown that the antibiotic completely diffuses from the disk in liquid media within 1 min (5, 7).
The present paper describes the use of Schneierson's original idea as a simple system for testing the antibiotic susceptibility of anaerobic bacteria. The results obtained with clinically important anaerobic bacteria are compared with results of MIC determinations and with results obtained by the disk diffusion method of Wilkins et al. (11) .
BROTH-DISK TEST FOR ANAEROBIC BACTERIA of the Anaerobe Laboratory. The majority were clinical isolates sent to this laboratory for identification. Organisms were identified by methods previously described (3) .
Media. Prereduced media were prepared according to published methods and formulas (3) and contained 0.05% cysteine. The medium used for antibiotic susceptibility testing was prereduced BBL brain-heart infusion broth, supplemented with 0.0005% hemin, 0.002% menadione, and 0.5% yeast extract (BHI-S). Inocula were grown in prereduced chopped meat (CM) RESULTS AND DISCUSSION Inoculum size and source. The same size and source of inocula were used for both the broth-disk and MIC methods. One drop from a Pasteur pipette of an 18-to 24-h culture of the test organism was added to each tube containing 5 ml of BHI-S broth to give approximately a 1:100 dilution of the culture. This was an inoculum of 106 to 107 bacteria per ml, which is 10-fold higher than the inoculum usually used for broth MIC determinations with facultative bacteria (2) . We chose to use the higher inoculum because some anaerobic bacteria did not grow as well from smaller inocula and sometimes required more than 24 h of incubation to reach maximal turbidity in the BHI-S broth.
As a source of inoculum, we routinely used an 18-to 24-h culture in CM broth because, in our experience, this medium gave very reproducible growth of anaerobic bacteria. CM broth is also more difficult to oxidize than other anaerobic media. We found that other media could be used as sources of inocula without significantly changing the results of either the broth-disk method or the MIC determinations. When 10 strains of Bacteroidesfragilis, 5 strains of Peptostreptococcus anaerobius, and 5 strains of Fusobacterium varium were tested by the broth-disk method for susceptibility to five antibiotics with the use of inocula grown in PYG, BHI-S, CMC, and Thioglycollate broth, the results obtained with the four sources of inocula were the same as the CM results in 390 of the total 400 tubes. MIC determinations with penicillin gave the same results with all five sources of inocula when two strains of Peptococcus magnus and one strain each of Bacteroides fragilis, Peptostreptococcus anaerobius, Fusobacterium necrophorum, Clostridium perfringens, Peptostreptococcus intermedius, and Bacterioides clostridiiformis were tested. A light background turbidity was present in many of the antibiotic tubes that were inoculated with CMC broth because of the higher inocula obtained from this carbohydrate-containing medium. This could be eliminated by the use of a 1 :10 dilution of the CMC broth culture as an inoculum.
Reading results. With the CM inoculum, interpretation of results in approximately 95% of the tests involved merely a judgment of growth versus no growth. Organisms that were resistant to an antibiotic normally grew to almost the same turbidity as the control culture, whereas susceptible organisms did not grow in the tubes containing that antibiotic. With a few organisms, the number of cells in the inoculum was high enough so that the initial generations that occurred prior to inhibition by antibiotics resulted in a light turbidity that was present with all of the antibiotics tested. In such cases, this background turbidity was disregarded, and only those tubes in which the turbidity was 50% or greater than the control culture were considered resistant.
Incubation time. We recorded both the broth-disk and MIC results after incubation for 18 to 24 h. Resistance to an antibiotic could sometimes be reported much earlier, however, since both the control cultures and some cultures containing antibiotics were often very turbid after only 4 h of incubation. Definite susceptibility could not be reported until after 18 h of incubation, since growth could occur later in the tubes containing other antibiotics. However, presumptive susceptibility could be reported very early and confirmed after 18 h of incubation.
Antibiotic concentrations. Opinions of various investigators differ as to the concentration of each antibiotic to which an organism must be resistant in order to be termed "clinically resistant." Listed in Table 1 are the test concentrations we chose for this trial of the brothdisk method. Except for chloramphenicol and erythromycin, the test concentrations were the same as the MIC break-points used in the disk diffusion method of Wilkins et al. (11) . Other concentrations could be used by changing either the number of antibiotic disks or the amount of broth used per tube, and more than one concentration could be tested for each antibiotic.
Correlation of the results of the brothdisk, disk diffusion, and MIC methods. To determine how well the results of the broth-disk and the disk diffusion methods correlated with MIC values, we compared the three methods using the 145 strains of anaerobic bacteria listed in Table 2 . As indicated in Table 2 , certain of the species were chosen for their significance in clinical infections, others for their poor growth characteristics which would test the methods most severely, and some species for both of these characteristics. Two of the more common clinical Table 2 are the number of tests in which the broth-disk results did not correlate with the MIC data and the calculated percentage accuracy of the broth-disk method with each of the species tested. The overall correlation of the broth-disk results with MIC values was 97% in these 1,015
tests.
The results of the disk diffusion and MIC methods were also compared, but susceptibility to chloramphenicol and erythromycin was not tested by the disk diffusion method since interpretative zone diameters for these antibiotics are not available. The number of cases in which the results of the disk diffusion assays did not ANTIMICROB. AG correlate with the MIC results is given in Table  3 , as is the correlation of the results of the disk diffusion method as compared with the MIC values. With these species, the disk diffusion method correlated with MIC values in 92% of the tests. However, the disk diffusion method was only 8% correct in tests with the five strains of Clostridium perfringens. For this organism, the zone diameters were slightly smaller than the published break-points for susceptibility; yet the MIC results indicated that the five strains were uniformly susceptible to these antibiotics. Thus, it appears that smaller zone diameter breakpoints should be considered for the disk diffusion test with this organism. The disk diffusion method could not be used for testing the antibiotic susceptibility of eight other strains (three of P. magnus, two of Actinomyces israelii, and one each of Eubacterium lentum, Fusobacterium russii, and Bacteroides putredinis), since these organisms would not grow well enough in the agar medium for zones to be discerned. Many other strains of these same species grew poorly on the susceptibility plates, but zones could be measured, albeit with some difficulty.
The percentage of organisms classified as susceptible to the antibiotics by each of the three methods is given in Table 4 . The major discrepancy was that 88% of the strains of P. magnus were susceptible to erythromycin as determined by the MIC method, but only 44% appeared to be susceptible by the broth-disk method. Since it has been reported that erythromycin is less active at the lower pH produced by a CO2 atmosphere (4) the MIC determinations with erythromycin were performed with N2 as the oxygen-free gas. The broth-disk determinations were routinely performed with CO2 since this is the gas most widely used with prereduced media. When the broth-disk method was repeated with N2, there were no significant differences in the results ( Organisms for which the MIC is very close to the test concentration may be reported as resistant in one broth-disk assay and susceptible in a later assay. This kind of variation is also inherent in MIC procedures in which a difference of a twofold dilution is considered normal variation between assays (2). Organisms with an MIC slightly below the test concentration also may appear resistant if the results are not recorded until well after 24 h of incubation. Prolonged incubation results in a gradual increase in the MIC of most antibiotics.
Inoculum size does not have a great effect on either the broth-disk or MIC determinations with most anaerobic bacteria. We have found that a 10-fold dilution of the inoculum resulted in lowering the MIC by, at most, a twofold dilution.
With some anaerobes, such as B. melaninogenicus the use of dilutions of inocula which are greater than 1:10 can result in erratic growth. In our laboratory it is much more convenient to use larger inocula and disregard the infrequent "background" turbidity that sometimes occurs, instead of making an anaerobic dilution to use as an inoculum. Other laboratories may prefer to use a 1:10 dilution in order always to have a growth versus no growth assay.
Advantages of the broth-disk method. The principal advantage of the broth-disk method is that almost all clinical isolates can be tested for antibiotic susceptibility by this one procedure. Although in this trial we reported results for the diffusion test for all except eight of the strains tested, growth was so poor with many of the slow-growing anaerobes that zones of inhibition on agar plates were very difficult to discern. The results of the broth-disk method were easier to read and there was less variation in the results recorded for the same test by different technicians. The percentage of anaerobic isolates which cannot be tested by the disk diffusion method would vary among laboratories according to the types of specimens examined and the isolation techniques used. Of the last 100 anaerobic bacteria submitted to this laboratory by research and clinical laboratories for identification, 16 did not grow in the pour plates used for the disk diffusion test, and an additional 8 did not grow well enough for accurate measurements of zone diameters. Of these same 100 organisms, only 3 did not grow well enough in the prereduced broth for performance of the broth-disk test. Thus, the broth-disk test increased by 21% the number of organisms on which we could report antibiotic susceptibility data.
In cases of endocarditis and certain other infections, the bactericidal activity of antibiotics is of much more importance than bacteriostatic effects. Neither disk diffusion tests nor agar dilution MIC determinations can yield such information. The preferred method is to perform a broth dilution MIC determination with subsequent subculture of tubes at and above the MIC concentration to test for viable cells. Just as the broth-disk method can be used to approximate whether an organism can grow at concentrations of antibiotics attained in the blood, tubes containing antibiotics that inhibit growth in the broth-disk test can be subcultured to determine whether this antibiotic concentration was also bactericidal.
One disadvantage of the broth-disk method is that it does not distinguish between degrees of resistance or susceptibility. Such data theoretically could be obtained for disk diffusion tests by consulting regression plots of MICs versus zone diameters, but in clinical practice this is not done routinely. The main disadvantages of the broth-disk method are cost of the tubes of prereduced BHI-S media and the requirement for a supply of 02-free CO2 or N2.
The broth-disk method would seem particularly useful for clinical laboratories which currently identify anaerobes according to methods described in the Anaerobe Laboratory Manual (3), since susceptibility tests could be performed at the same time as the biochemical tests by the same technician. However, the method should work the same if performed inside an anaerobic glove box with anaerobic media. The choice of methods would depend on the requirements of individual laboratories.
